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Abstract 
A parabolic trough concentrator (PTC) with a rim angle of 84Û, a length of 4.2 m, and an aperture area of 6.72 m2 was designed 
and manufactured in a way required relatively simple technology and skill. An experimental system with the PTC as the core part 
was assembled on the top of the Teaching Building No.7 of Ludong University (in Yantai, China). A PLC solar tracking system 
is employed to realize an orientation of a north-to-south direction. According to the international and national standard, thermal 
performance of the PTC was measured under various weather and working conditions. The experimental results reveals that the 
effective radiation, which considers the optical influences including the shading effect, cosine effect, incident angle modifier and 
end loss, deserves great attention. Peak efficiency of 72% was obtained from the experiment.  
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1. Introduction 
The parabolic trough collector (PTC) is currently the most popular one in the solar thermal power plants. By 
concentrating the beam component of the solar radiation to the receiver positioned at the focus of PTC, working 
temperature up to around to 400ÛC can be reached and thus the thermal energy transferred from solar radiation can 
be fed to a Rankine cycle to generate electricity. 
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PTC is also pursued in China, and several demonstration power plants are under preliminary work and design in 
the northern and western parts of the country (Inner Mongolia and Qinghai), where the direct normal insolation (DNI) 
resources are abundant and large areas of arid & semi-arid land are available. 
However, in most regions in China, especially the economically developed ones, like the eastern coast, the DNI 
resource can not support a profitable operation of solar thermal power generation (less than the generally assumed 
economical level of 1,800kWh/ (m2a) [1]), and the process and domestic heat production systems become reasonable 
choices in these areas. 
In this study, a PTC experimental system was built on the top of the Teaching Building No.7 in Ludong 
University (in Yantai, an eastern coastal city in China), to investigate the performance of such system. 
 
Nomenclature 
Iinc radiation reaching the receiver aperture 
Ib  beam radiation (DNI) 
ȟi effective factor regarding shading effect, cosine effect, incident angle modifier and end loss, etc.  
2. Effective radiation and optics efficiencies of the PTC 
The receiver can only receive part of DNI due to various optics losses regarding change of latitude, season and 
time, shading effect, cosine effect, etc.[2][3]. Taking into account all the influences, the radiation reaching the 
receiver aperture, Iinc, can be expressed as,  
                                                                            ibinc II [3                                                                              (1) 
Where i=1,2,3 and 4, which corresponds to the effective factor regarding shading effect,  cosine effect, incident 
angle modifier and end loss, respectively; Ib is the beam radiation (DNI). 
It is important to make clear the available radiation under various condition for a PTC installed in certain place. 
Figure 1 shows the beam radiation efficiency, which means ratio of effective beam radiation to DNI, for the location 
of Yantai where the PTC is located, in different seasons. It is obvious that season and time affect the efficiency 
greatly. The incident angle changes with season and time, thus the radiation efficiency changes between 0 and 1. The 
maximum efficiency of 1 appears at sunrise and sunset on the summer solstice (June 21); also the figures clearly 
indicate influence of season to the radiation efficiency, which reaches its maximum on the summer solstice and 
minimum on the winter solstice. The efficiency is just 0.5333 at the noon on the winter solstice, 46% lower than that 
increases gradually after the sunrise, reaches the first peak value and then lower gradually, at the noon reaches a 
trough point and then raises again, get to the second peak value and decline once again.  
  
7 8 9 10 11 12 13 14 15 16 17
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
Solar time [Hr]
E
ffi
ci
en
cy
 [-
]
 
 
 
7 8 9 10 11 12 13 14 15 16 17
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
Solar time [Hr]
E
ffi
ci
en
cy
 [-
]
 
                                                 
                                                 (a) June 21                                                                                  (b) September 23 & March 21    
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 (c) December 22 
Fig. 1.  Beam radiation efficiency in different seasons in Yantai  (Latitude 37.53ÛN) 
 
3. Performance test of the experimental system 
3.1. Manufacture of the PTC 
PTC is the core of the whole experimental system, and it is important to build it in a relatively simple way while 
satisfy the requirements of accuracy and strength. Fiber glass is a good option to manufacture the structure of PTC. 
However, due to expensive cost and complicated processing, it is not suitable for an experimental utilization, and 
steel is selected as the material. Figure 2 shows the picture of finished supporting structure at the site.  
 

Fig. 2.  Supporting structure of the PTC 
The major characteristics of the PTC are listed in Table 1. Mirror aluminum sheet was fixed on the surface of the 
structure to ensure a good reflectivity for solar radiation.  
 
 
  
 Hang Qu and Mingtao Wang /  Energy Procedia  70 ( 2015 )  504 – 509 507
Table 1. Major characteristics of PTC 
Descrption Dimension (mm) Descrption Dimension (mm) 
Length 2000 Height 348.9 
Aperture width 1600 Rim angle 84Û 
Foucs 458.5   
3.2. Establishment of the experimental system 
Figure 3 shows the arrangement of the experimental system which is assembled on the top of the Teaching 
Building No.7 of Ludong University (in Yantai (Lat. 37.53°, Long. 121.4°)). The major components of the system 
includes: PTC, expansion tank, adjusting value, cooling water tank, filter, centrifugal pump and heater. Stop valves 
are connected to the both sides of important components for the purpose of convenient dismantle and repair. Data 
analysis system was used to analyze the recording, and a PLC solar tracking system is employed to realize an 
orientation of a north-to-south direction. 
 
 
(a)Parabolic trough solar collector (b)Heater (c)Flow meter Centrifugal pump  (d)Filter  (e)Cooling water tank  (f)Expansion tank  (g)Water seal  
(h)Filling port  (i)Data analysis system  (j)Meteorological data measurement station 
Fig. 3.  Schematic of the PTC system 
3.3.     Performance of the experimental system 
Efficiency and heat loss are two important factors to evaluate the performance of the PTC. Figure 4 and 5 show 
the change of efficiency and heat loss of the collector under different conditions, and the experimental data was 
compared with the theoretical ones. Both these 2 factors decrease proportional to the effective radiation reaching the 
aperture. In case that the effective radiation changes between 850.2 and 921.5W/m2, the efficiency changes in a 
range of  65.4% and 72%, while the heat loss change between 5.1 and 2.8W/m2; In case that the effective radiation 
changes between 637.7 and 691.1W/m2, the efficiency changes in a range of  58.1% and 67.9%, while the heat loss 
change between 2.8 and 19.5W/m2. 
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Fig. 4.  Change of the efficiency of PTC 
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Fig. 5.  Change of the heat loss of PTC 
 
4. Conclusion 
A PTC solar thermal experimental system was established in Yantai, where the beam radiation resource is 
medium and can only be considered to support process and domestic solar thermal applications. The efficiency of 
the beam radiation for the location was studied theoretically; and experimental study for the performance factors of 
the PTC system was carried. The finding indicates that the beam radiation reaching the collector aperture deserves 
special attention, and a peak efficiency of 72% was observed in the experiement.   
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